The relationship between aspirin use and arteriovenous fistula (AVF) survival has been lacking. The aim of this study was to evaluate the association between AVF survival and aspirin use.
R ecently, both the costs and the morbidity related to the management of vascular access (VA) failure among hemodialysis (HD) patients have been increasing (1) . Although it has been demonstrated that arteriovenous fistulas (AVFs) have better outcomes than arteriovenous grafts (AVGs) and catheters (2) , practice patterns of VA type selection are very different among countries. In Japan, more than 90% of HD patients have an AVF (3) , whereas in the United States, AVG has been the most common VA and only a fourth of HD patients were using AVF in 1996 to 2000 (4) . However, the Center for Medicare and Medicaid Services promoted the "Fistula First" initiative in 2003; consequently, the prevalence of AVF has been increasing in the United States (5) . AVF has been recommended as the VA of first choice by guideline committees across many countries in the world.
The main cause of VA failure is outflow venous stenosis as a result of vascular intimal hyperplasia and thrombosis. This formation of neointima hyperplasia and thrombosis may be initiated by activated platelet function, endothelial cell injury, vascular smooth muscle cell proliferation, etc., and these may occur because of unphysiologic vascular anastomosis of VA (6, 7) . In view of these postulated mechanisms of VA failure, possible clinical benefit of antiplatelet therapy has been proposed for prevention of VA failure (8) . In particular, aspirin, the most widespread antiplatelet drug, has been evaluated as prophylaxis for VA failure in several studies, mainly among AVG. In a small-sized randomized controlled trial (RCT), aspirin use did not improve AVG survival (9) . Another RCT that examined the efficacy of combination therapy of aspirin and clopidogrel for prevention of AVG failure was carried out (10) , but this study was stopped before completion because the prevalence of hemorrhagic complication was significantly higher in the intervention group. Meanwhile, in an exploratory observational study, Saran et al. (11) recently described aspirin use associated with significantly better AVG survival among HD patients in the United States. Consequently, evidence for the effectiveness of aspirin for prevention of VA failure has been controversial for AVG and largely lacking for AVF.
Furthermore, few studies addressed the safety of aspirin use for HD patients. Generally speaking, HD patients are assumed to be more likely to develop hemorrhagic complications such as gastrointestinal (GI) bleeding than the general population because HD patients are more likely to have platelet dysfunction (12) and they receive intermittent anticoagulant therapy during HD sessions. However, two recent observational studies reported that the occurrence of a GI bleeding event was not associated with aspirin use: U.S. Renal Data System (13) and the Dialysis Outcomes and Practice Patterns Study (DOPPS) (14) .
Because large studies on the clinical benefits of aspirin use for AVF function are lacking for HD patients, we investigated the association between aspirin use and AVF survival and the risk of GI bleeding among HD patients in the present study using data from DOPPS.
Materials and Methods

Data Sources
DOPPS is an international prospective observational cohort study of maintenance HD patients being carried out in four regions (Europe, Australia and New Zealand, Japan, and North America). DOPPS has prospectively investigated various practice patterns and HD patient outcomes in detail using the same study protocol and questionnaire across countries. Details of the subjects and methods have been reported elsewhere (15, 16) . The analysis used data from DOPPS phase 1 (1996 through 2001) and phase 2 (2002 through 2004) . Briefly, in DOPPS, nationally representative samples of dialysis facilities were enrolled using stratified random selection from 7 countries (France, Germany, Italy, Japan, Spain, the United Kingdom, and the United States) for phase 1 and from 12 countries (phase 1 countries plus Australia, Belgium, Canada, New Zealand, and Sweden) for phase 2. Data were then collected from random samples of 20 to 40 patients within each facility dependent on facility size.
Data Collection
Data for the present study were restricted to adult incident HD patients (on dialysis Յ 30 d, age Ն 18 yr), who were using an AVF at enrollment into DOPPS. The main predictor in the current study was aspirin use or not. The medication information was collected at both baseline and one year later. Patients using aspirin at baseline and one year later were considered consistent aspirin users. The primary outcome measure was final AVF failure (i.e., complete AVF failure requiring creation of a new VA) and the two secondary outcome measures were 1) first AVF intervention for AVF thrombosis or AVF salvage procedure and 2) a new GI bleeding event during the study period. Survival time was defined as the time from first AVF use to individual outcomes, data for which were collected longitudinally during the course of study follow-up for each sampled patient. We also looked at time to the different events with consistent aspirin use versus no use at all. Consistent use was defined as a patient having used aspirin at baseline and one year later. No use was defined as a patient not using aspirin at baseline and one year later. Patients using aspirin at baseline but not one year later or vice versa were not included in this analysis. If a patient using aspirin at baseline had an AVF failure before one year and was also reported to have been using aspirin one year later, he or she was considered to have been using aspirin the entire year and was included in the analysis. So, taking aspirin at baseline and one year later was a proxy for consistent aspirin use.
Statistical Analysis
Descriptive analyses were calculated to describe the variables such as patient characteristics by baseline aspirin use and the distribution of aspirin use at the baseline by regions. Cox regression models were used to assess whether aspirin use was associated with the risk of final AVF failure, first AVF failure, and a GI bleeding event. Furthermore, facilitylevel analysis was performed to reduce confounding by indication based on the percentage of facility HD patients prescribed aspirin. Survival models were adjusted for baseline values of the following factors or potential confounders; age, race, gender, body mass index, prior permanent VA failure, prior placement of catheter, 10 summary comorbid conditions (coronary artery disease, congestive heart failure, other cardiac disease, hypertension, cerebrovascular disease, peripheral vascular disease, diabetes mellitus, lung disease, cancer [other than skin], and GI bleeding), laboratory data (hemoglobin, serum albumin, serum creatinine), and other medications (warfarin, other antiplatelet agent, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, calcium channel blocker, statin). All models accounted for facility clustering effects and stratified by regions of Europe/Australia and New Zealand, Japan, and North America. For the Cox regression model, the robust sandwich estimator was used to account for clustering at the facility level (17) . All statistical analyses were performed with SAS, version 8.2 (SAS Institute, Cary, NC).
Ethical Considerations
Although the present study was an observational study, institutional review boards approved the study in each country and facility as required. Informed consent was obtained for each sampled patient in accordance with the requirement of each country, review board, and facility. Furthermore, data collection was performed in a manner that maintained patient anonymity.
Results
Data from 2815 incident HD patients on dialysis Յ 30 d and who were using an AVF at study entry were analyzed. Table 1 compares the patient characteristics by baseline aspirin use. Patients who had aspirin prescribed at baseline were more likely to be older and male. They also were more likely to have comorbidities, such as coronary artery disease, congestive heart failure, other cardiac disease, hypertension, cerebrovascular disease, peripheral vascular disease, and diabetes mellitus. Furthermore, patients given aspirin at study entry had slightly higher mean hemoglobin but lower mean serum creatinine than patients who were not prescribed aspirin. Patients who received aspirin at baseline also were less likely to be prescribed a warfarin but more likely to be prescribed a statin
As shown in Figure 1 , there was substantial variation across regions in the baseline percent aspirin use. The total baseline percent aspirin use was 21.7% and ranged from 11.6% in Japan to 24.5% in North America. We then looked at time to the different events with consistent aspirin use versus no use at all. Consistent use was defined as a patient having used aspirin at baseline and one year later (17.4% of patients). No use was defined as a patient not using aspirin at baseline and one year later (69.5% of patients). Patients using aspirin at baseline but not one year later (9.1% of patients) or vice versa (4.1% of patients) were not included in this analysis. Table 2 also shows the AHR of individual events by consistent aspirin use. The mean (SD) years of study follow-up time for final AVF failure, first AVF failure, and GI bleeding were 1.26 (0.65), 1.09 (0.67), and 1.41 (0.59), respectively. There was no significant relationship between consistent aspirin use and the risk of GI bleeding (AHR ϭ 0.68; 95% CI, 0.28 to 1.66, P ϭ Figure 2 illustrates the distribution of the facility practice by the percent of patients with consistent aspirin use. Wide variation was seen across dialysis units regarding the percent of patients in a facility taking aspirin consistently. More than half of dialysis facilities prescribed aspirin consistently to Ͻ20% of facility patients the entire year. Mean and median percent consistent facility aspirin use were 21.9% and 14.3%, respectively.
The AHR of final AVF failure by percent consistent facility aspirin use is shown in Figure 3 . Facility-level analysis, which tends to reduce confounding by indication for aspirin prescription, also showed a nearly significant lower risk of final AVF failure with greater prevalence of consistent facility aspirin use in both a continuous model (AHR ϭ 0.93, per 10% greater consistent facility aspirin use; 95% CI, 0.86 to 1.01, P ϭ 0.07) and Figure 3 . Adjusted hazard ratio (AHR) of final AVF failure by percent consistent facility aspirin use. AHR for final AVF failure by percent consistent facility aspirin use based on a multivariate analysis. Results are provided for percent consistent facility aspirin use as a continuous variable or as categories of percent consistent aspirin use. The multivariate analysis was adjusted for age, race, gender, body mass index, 10 comorbid conditions, prior permanent VA failure, prior placement of catheter, laboratory data (hemoglobin, serum albumin, serum creatinine), medications (warfarin, other antiplatelet agent, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, calcium channel blocker, statin), accounted for facility clustering effects, and was stratified by region (n ϭ 1082). *Restricting to facilities having at least 5 patients with aspirin prescription information at both baseline and one year later. **The 80th percentile of consistent facility aspirin use was 40% of facility patients taking aspirin consistently for 1 yr. AHR for individual events (final AVF failure, first AVF failure, and gastrointestinal bleeding) by baseline and consistent aspirin use based upon a multivariate analysis. The multivariate analysis was adjusted for age, race, gender, BMI, 10 comorbid conditions, prior permanent VA failure, prior placement of catheter, laboratory data (hemoglobin, serum albumin, serum creatinine), medications (warfarin, other antiplatelet agent, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, calcium channel blocker, statin), accounted for facility clustering effects, and was stratified by region.
b Consistent aspirin use was defined as a patient having used aspirin at baseline and one year later, and consistent no aspirin use was defined as a patient not using aspirin at baseline and one year later. Figure 2 . Distribution of percent consistent facility aspirin use. The percent of patients in a facility taking aspirin consistently for a year was determined using the medication information at both baseline and one year later (n ϭ 260 facilities). *Restricting to facilities having at least 5 patients with aspirin prescription information at both baseline and one year later. a categorical model (AHR ϭ 0.61, facility with Ͼ40% of patients taking aspirin consistently; 95% CI, 0.36 to 1.02, P ϭ 0.06). There was an almost significant trend between percent consistent aspirin use and the risk of final AVF failure as well (P for trend ϭ 0.07).
Discussion
Aspirin is a widely used antiplatelet drug and one of the most efficient prophylaxes for cardiovascular disease (CVD). The effectiveness of aspirin for primary and secondary prevention of CVD has been established by many clinical studies and a subsequent meta-analysis (18) . Therefore, it is strongly recommended to prescribe aspirin for groups at high risk of CVD in the general population. Although end-stage renal disease (ESRD) is strongly associated with CVD (19), evidence regarding the effectiveness and safety of aspirin use among ESRD patients is limited (20) . Nevertheless, National Kidney Foundation-Kidney Disease Outcomes Quality Initiative clinical practice guidelines (21) provide the opinion that aspirin may be useful for prevention of CVD among ESRD patients with careful monitoring for adverse effects such as GI bleeding.
Atherosclerotic disease may increase the risk of VA failure (4), but the relation between aspirin use and VA survival has been controversial and the relevant studies focused on AVF are few and limited. Consequently, in the present study, we investigated the effectiveness of aspirin use for AVF survival, practice patterns for aspirin prescription, and the relationship to odds of a GI bleeding among HD patients using data from DOPPS.
There was large variation among regions in the prevalence of aspirin use, and Japanese HD patients were less likely to have used aspirin in the current study. This variation may be partly explained by the differences in CVD morbidity among regions. Additionally, the lower prevalence of aspirin use in Japan may also be explained in part by the fact that Japanese medical insurance did not cover aspirin as a prophylaxis for CVD until 2002.
In the present study, consistent aspirin use was related to a significantly lower risk of final AVF failure, which suggests its beneficial effect for AVF survival among incident HD patients. However, there are several previous studies that concluded to the absence of clinical benefit of aspirin use for AVG survival, in contrast to the present study. Sreedhara et al. (9) reported that aspirin use was associated with a tendency toward an increased risk of thrombosis in AVG. Even although this was an RCT, the number of patients on the intervention was very low (n ϭ 20). Another RCT examined the efficacy of the combination therapy of aspirin and clopidogrel for prevention of AVG failure (10), in which there was a trend toward a reduced risk of AVG failure, but that study was discontinued because of more frequent hemorrhagic complications in the intervention group. Conversely, the observational study of Saran et al. (11) showed that aspirin use was associated with better AVG survival among HD patients in the United States. However, there was no significant clinical benefit of aspirin use for AVF survival in that study, but it must be considered that those results were only obtained from the United States where the practice patterns concerning VA practice patterns are very different from other countries, i.e., only one fourth of HD patients have AVF in the United States versus more than 80% in the others. Furthermore, the risk of AVF failure has been shown to be twofold higher in the United States compared with Europe, suggesting that factors or practices affecting AVF survival may differ substantially between the United States and Europe (4) .
Recently, it has been proposed that the existence of oxidative stress and inflammation accelerates the formation of neointima and thrombosis, one of the main causes of VA failure (22) . It also has been reported that aspirin not only works as an antiplatelet agent but also reduces oxidative stress (23) and inflammation (24) , which is considered to be the proper mechanism of aspirin for prevention of atherosclerotic diseases and VA failure.
The biggest reason that physicians are reluctant to prescribe aspirin for HD patients is the potential increased risk of hemorrhagic complication such as GI bleeding. However, in the present study, the occurrence of a new GI bleeding event during the study period was found not to be associated with baseline aspirin use, and this finding is in agreement with the observational studies from the U.S. Renal Data System (13) and DOPPS (14) . Our consistent aspirin use model is biased toward not finding an association with GI bleeding because, if a patient developed a new GI bleeding event during the first year of the study period, it is likely that the patients would not have been prescribed aspirin continuously. However, our baseline, intentto-treat aspirin use model does not have this bias, and there was no significant relationship seen in this model between aspirin use and the risk of a GI bleeding event.
The strength of this study is using the data from the international DOPPS, in which divergent data from a large number of randomly sampled patients were prospectively collected in great detail. These divergent data, including numerous confounding factors, medications, and laboratory measurements, provided for extensive adjustment for estimating the risks associated with aspirin use. A limitation of an observational study is that confounding by indication is inevitable. In this study, we carried out not only patient-level analysis adjusted for many factors but also facility-level analysis to reduce confounding by indication concerning prescription of aspirin. It is necessary to consider that misclassification may occur in intentto-treat models based on aspirin use only at study entry since baseline information of drug prescription is not able to warrant its consistent use. To address this limitation, we used a consistent aspirin use model taking advantage of longitudinal medication data, and it was by this approach that the benefit of aspirin use could be seen in regards to enhanced AVF survival.
Conclusion
These results suggest that consistent aspirin use may be beneficial for AVF survival among new HD patients at the start of ESRD. It is expected that these findings may facilitate advances in prolonging AVF survival and thereby improve practice patterns in this area for better HD patient outcomes. These findings also should stimulate more research in this important issue and an incentive for RCT to resolve the uncertainties in benefit of aspirin therapy for AVF survival.
